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Introduction

The scope of this project was to look Into

various physics processes relevant to Liquid
Argon TPC detector response.

In addition, we were interested Iin the details of
LArSoft simulation and to explore alternative
methods to implement the simulation.
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Hadronic XS L, i
- Pions, Kaons, Nucleons ¥

- Cross Sections in Liquid Argon, no experimental data

- Comparison with experimental data in Carbon and other
materials

Thanks to
. . Rasheed
- Geant4: - https://igithub.com/hanswenzel/G4HadStudies ., ., «. Auguste for
« Start Event. Use Sensitive Detector - the plot
(Stepping Action) to detect interactions: oo '

—

Elastic interaction might not put new particle £..-
on the Stack (UserStackingAction) -
* |f Inelastic or elastic interaction, increment
» Calculate XS from number that interacted

2500?
20005
1500f
We know what to expect: -

The cross section scales - A
linearly with A*(2/3) Ny

1000 |-
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atomic mass
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Kaon

Cross Section
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Total XS [mb]

Matches poorly with
experimental data
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experimental data **
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Transverse Shower Profile ™™

|Ar: Radial Energy Profile

Sensitive Detector: Stepping Action < R
Collect energy deposited from shower E:E o
run hy
Integrate histogram until at 90% of E
total integral o
Moliére Radius always comes out high ", i i
compared to literature values e ks |
S Wi
This has been brought up before . T m ‘
dE/dX = ae /Rm + pe “T/Amin SR
Simulated Literature [cm]

Pb: 1.95 1.6

Fe: 2.79 1.72

IAr: 14.34 10.1
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Lo

Muon +/- Separation (50MeV) =g

Processes M- g+
Decay* e-, Ve, V) e+, Vg , Vi
Lifetime .58us 2.2US
Probability 25% 100%
Capture VY x none
Probabllity 75%

* for p-, it is Decay in Orbit
**there can be more than one y emitted in nuclear capture

Stacking Action: look at particles, processes, energies,
and timing when new particles are put on the stack

Isaac Harris 10



e
Muon Decay Moy M
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The values for the lifetimes of the muons are consistent with findings from previous
experiments. Suzuki et al measured mu- lifetime in liquid Argon, and it is ~.58 us
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Muon Nuclear Capture

e M- Only
H-+p-->n+v,+y

« Radiative, gammas
produced

* Low energy gammas from y em_gammard1€791ES N MeV]

atomic capture produces
spectrum

gammakE
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Part Il:
LAr TPC Simulation

R
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Liquid Argon Specifics

Steps must be matched to readout pitch
Scintillation and lonization compete

dE/dX = 2.1 MeV/cm

lonizing: 23.6 eV per electron pair }(Ereditato)
Scintillation: 19.5 eV

R

14



Event
Generator

h 4

MCTruth LArG4

Electron drift and
scintillation photons

N

Detector simulation

-~ MCParticle Primary and secondary detector tracks

i

_— _

Sim Channe[ Electron clusters drifted to wires

PP o

Fa -
o A _—
R

AN

L 4

SimPhoton Optical photons in PMTs

I s, e For each clusler:\\
................. (xyZ)

oL
e

For each track:
Track ID
PDG code

(X,y.2,)
(PyspyP:E) My work

IS in this
-~ / area

.

\

\
|
/

/

TDC channe

charge /l/

R
L
o

-

Multiple wire
planes

From W Seligman
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Matching Step Length
and Readout Pitch

Wire Pitch
IJ- < >

\'\
\

No Energy Deposited

oL
L. 2

All energy deposited here

Geant4 adjusts the step size according to the physics, and
for some processes, the step size is much greater than the
readout pitch.

For energy deposits, we expect landau distributions with a
most probable value at 2.1 MeV/cm (muon approximates
minimum ionizing particle)
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Solutions JE
e
Wire Pitch
<>
\\\\ Step Limiter
A\l 4
Energy deposited
<>
\\\ Total Energy Deposited
| T
L Divided Step
Energy divided among pixels
<>
\
\\A
L Segmented Geometry
Energy deposited &
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Step Limiter

+ Very Simple to implement

+ No added memory costs

+ Gets physics right when Step limiter is
about one tenth of the wire pitch

- Takes a long time for small step sizes

(> .72 sec/event, .1 mm)

Energies (5mm stepMax), 12mm

220

200

180
160
140
120
100
80
60
40
20

o
-
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Energy deposited

Energies (1mm stepMax), 12mm

250

200

150

100

50

E1

Entries 10000
Mean 2.337
RMS 0.8545
%2/ ndf 486.4 / 224
Constant 1367 £ 22.6
MPV 1.836 = 0.003
Sigma 0.1344 + 0.0018

o

5
Energy [MeV/cm]
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Step Limiter

* |n DetectorConstruction.cc:

G4UserLimits *fStepLimit = new G4UserLimits(maxStepSize);
DetectorLogicalVolume -> SetUserLimits(fStepLimit);

* |n g4main.cc:

phys->RegisterPhysics(new G4StepLimiterPhysics());

t G4VModularPhysicsList

Isaac Harris
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+ Takes little time
even for many

Divisions (< .06 sec/event)

Divided Steps

- Huge memory costs

for many pixels

- Never gets the physics right

e

Wire Pitch

-

R

\
|

——

Energy divided among pixels

Energies (5mm VoxelSize), Bmm

Total Energy
Deposited

o

{

|

E3
Entries 10000
Mean 1.804
RMS 0.7913
%2 / ndf 2092/ 252
Constant 4227 + 851
MPV 1.458 + 0.001
Sigma  0.04157 + 0.00070

k%ﬂb\.—-mma;;;;

800
700—
. . 600—
Energies (.5mm VoxelSize), 6mm =
E3 500
~ Entries 10000 =
1000~ Mean 1.959 400F-
L RMS 0.7768 -
- *2 4 ndf 2488 / 232 300
800— Constant 5666 + 106.9 E
C MPV 1.609 + 0.001 200F—
- Sigma  0.02924 + 0.00044 -
B00— 100E-
B ok
400— 9
200—
C Isaac Harris
| ! PR PR R RS I E R N
GD 1 2 3

5 B
Energy [MeV/cm]

2 3

S 5]
Energy [MeV/cm)]
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Segmented Geometry (Voxels) 3

+ Gets physics right when

C .. : Wire Pitch
readout matches division size, <« >
otherwise acts as step limiter —
\\
- Deals with many volumes ‘\A-\
Ex: 1m TPC & .3 mm cubes Energy deposited
= 37,000,000,000 volumes

Energies (5mm Voxel), 5mm

400 E3

Entries 10000
Mean 2.129

- Takes a long time for small
voxel sizes ( >.9 sec/event, .1 mm)

250

RMS 0.8321
%2 / ndf 2021 /234
Constant 1986 + 30.1
MPWV 1.685 + 0.002
Sigma 0.11+0.00

- Cannot match wires exactly to
voxels (stereo readout)

100

50

B
Energy [MeV/cm]
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Timing Comparison

Computing Time

=180 — :
E L Divided Hits Layout
2 190 —+— Step Limiter
g 140 —#— Voxelized Geometry
=
120
100
80 :_ TPC Dimensions:
— 2m x 2m x 3m
60— 10000 Events (1% statistical uncertainty)
40—
20—
D: | I I i : i i i i ! i i i i ! i i i i ! i i —u_—u—ll | 1
0 v 1 2 3 4 5
3 Voxel/Step Size [mm)]
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.
Segmented Geometry (Voxels) =

+ Gets physics right when

readout matches division size,

otherwise acts as step limiter

- Deals with many volumes

Ex: 1Im TPC & .3 mm cubes

= 37,000,000,000 volumes

- Takes a long time for small
voxel sizes ( >2.5 hrs for
10,000 muons, .1 mm)

- Cannot match wires exactly to

voxels (stereo readout)

Isaac Harris
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\
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\

\

Energies (5mm Voxel), 5mm

E3

Entries
Mean
RMS

%2 / ndf
Constant
MPV
Sigma

10000
2.129
0.8321
292.1 /234
1986 + 30.1

1.685 + 0.002

0.11+0.00

B
Energy [MeV/cm]
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| Je
Conclusion W

* |In general, there was good agreement between
Geant4 simulation and experimental data

« The Moliere Radius Studies aren't conclusive,
studies need follow-up

» Evaluated three ways to match the step length
to the wire pitch, and the step limiter is a good
alternative to the segmented geometry which is
currently in LarSoft/LArG4
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Thank You!

Hans Wenzel
Metcalf Program
Fermilab PDS group
LArIAT
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